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Analysis on polarization-based and transport-based magneto-dielectric effects in ITO/PVA/PVK:TCNB/PVA/Al device 1. Polarization-based magneto-capacitance: MFCP In polarization-based MFCP, the ITO/PVA/PVK:TCNB/PVA/Al device can be divided into three capacitors in series connection (Fig. S1 ).
Considering the three capacitors with series collection, the capacitance can be written as: 
By combining Eqs. (3), (4), (5), and (6), we can write 
Clearly, we can see that inserting dielectric insulating PVA layers can decrease the polarization-based magneto-capacitance MFCP when inter-molecular charge-transfer states are used in the ITO/PVA/PVK:TCNB/PVA/Al device.
Transport-based magneto-capacitance: MFCT
In transport-based MFCT, the key issue is the charge accumulation occurring at PVA/(PVK:TCNB) interface from magneto-current in the ITO/PVA/PVK:TCNB/PVA/Al device. Here, we consider (i) the potential barrier introduced by PVA layer and (ii) charge (8) (7) accumulation caused by charge tunneling through the PVA potential barrier to analyze the effects of dielectric insulating PVA layers on transport-based magneto-capacitance. Fig.   S2 schematically shows the potential barrier and charge tunneling associated with dielectric insulating PVA layer in the ITO/PVA/PVK:TCNB/PVA/Al device.
Here, we assume that the total number of charge carriers generated by photoexcitation is N0. Before a magnetic field is applied, the number of charge carriers accumulated at the polarization-based and transport-based magneto-capacitance based on the following two arguments. First, magneto-polarization can correspond to a stronger internal magnetic interaction because electrical polarization can generate a larger internal magnetic field from orbital current. Therefore, we can use non-Lorentizan function to describe polarization-based MFC. Second, the magneto-transport comes from the change in dissociated charge density from inter-molecular excited states. In this channel the internal magnetic interaction mainly comes from intrinsic hyperfine interaction for low Z organic materials, separate from polarization channel. As a result, we can use Lorentizan function to describe the transport-based MFCT. 
